This paper reviews international agreements related to carbon trading, and examines ASEAN countries' participation in the Clean Development Mechanism (CDM). It presents information on the forest and energy sectors in Brunei and explores the potential for Brunei's participation in carbon trading. It concludes that there is considerable potential for greater involvement of ASEAN in general and of Brunei Darussalam in particular and that the revenues from trading could offset higher capital costs of investments in efficiency and renewable energy technologies.
by imposing a tax equal to marginal external cost at optimal output (such as a carbon tax). Coase developed a more market oriented approach based on property rights, which in this case are emission trading permits. These two approaches have generated much policy debate (Helm, 2005) . Emission trading is, at least in theory, a least cost solution to achieving a given level of pollution reduction. All participants will have an incentive to buy permits if the price is below their marginal cost of abatement and sell permits if the price is above their marginal abatement cost. The result is that the participants with high costs of abatement buy permits and abate less while those with low costs of abatement sell permits and abate more. This situation will lead to the situation where all participants have the same marginal abatement cost and total abatement costs are minimized. In addition, emissions trading schemes promote innovation and investment in new abatement technologies as firms attempt to reduce their marginal abatement costs and therefore the price they have to pay for permits.
International Agreements and Institutional Arrangements
Brunei ratified the Kyoto Protocol in 2009 and has become one of the Non-Annex I Parties, which allows it to take part in emissions trading through CDM projects. Non-Annex 1 countries can also participate in climate change mitigation through the Reducing Emissions from Deforestation and Degradation (REDD+) framework (Haites, 2008) . These countries have no obligation to reduce their greenhouse gas emissions under the protocol. To date there are 2,382 projects registered and approved by the CDM Executive Board of the United Nations Framework Convention on Climate Change (UNFCCC). More than 75 per cent of these projects are located in the Asia-Pacific region and are dominated by China. ASEAN has 245 projects in eight countries that are participating in the scheme. Only Brunei and Myanmar do not participate in CDM projects. The CDM projects cover Energy Efficiency (EE) and Renewable Energy (RE) under the category of emissions reduction, while afforestation and reforestation (A/R) are grouped as a separate category. The Copenhagen Accord of 2009 recognized that in order to meet the ultimate objective of the UNFCCC, the global temperature should increase by less than two degrees Celsius. Annex I Parties have committed to set emission targets for 2020, which could be implemented individually or jointly. Moreover, Non-Annex I Parties should implement mitigation actions and report the actions and emission inventories every two years.
The CDM mechanism will assist Non-Annex I Parties in achieving sustainable development and contributing to the stabilization of greenhouse gas concentrations in the atmosphere (United Nations Framework Convention on Climate Change (UNFCCC), 2008). The other purpose of this mechanism is to assist the Annex I Parties (developed countries) in achieving their emissions targets. The rules establish an international process for reviewing the emission reduction achieved by each CDM. Under the Kyoto Protocol emissions trading scheme, the Annex I Parties can trade their AAUs, ERUs, CERs and RMUs, in tons of CO 2 e (carbon dioxide equivalent) (Note 1).
The Carbon Market, CDM and ASEAN Countries
In 2008, the carbon market was worth US$126.3 billion with approximately 72 per cent of trade within the European Union Emission Trading Scheme (EU ETS) (Capoor & Ambrosi, 2009) The CERs created by CDM projects in developing countries have been sold into emissions markets, such as the EU ETS. In this case, both CERs and ERUs are allowed to be included in the market. Many governments have bought those units as offsets against their Kyoto Protocol targets (Murphy, Drexhage & Wooders, 2009 ). China and India are hosts for 64 per cent of total CDM projects around the world. Meanwhile, other countries that are active in CDM projects are Brazil, Mexico and Malaysia. The largest buyers of CERs are the United Kingdom, Switzerland, Japan and the Netherlands.
The ASEAN region has the potential to be host to many CDM projects in several areas such as biogas, biomass and landfill gas projects. Biomass is abundant in this region and also commonly used in rural areas and the industrial sector. Besides those projects, rich natural endowments in this region such as solar, wind and hydro can also support CDM projects. Energy efficiency is another potential area for developing CDM projects in this region as all ASEAN countries promote energy efficiency at the national level. The CO 2 emissions rate in ASEAN countries increased during the period 1980 -2008, with the highest emissions generated by the consumption of petroleum products. The emission from coal consumption increased at an accelerating rate after 2003, caused by the increase in demand for electricity by industry and the residential and commercial sectors. The second highest rate of CO 2 emission is generated by the consumption of coal, followed by natural gas consumption. For some ASEAN countries, developing CDM projects will create benefits, particularly related to clean technology implementation. The implementation of these projects would contribute to the reduction of CO 2 emissions and environmental degradation in the long term. There are 245 CDM projects hosted by ASEAN countries which fall into several types of CDM activities as shown in Table 1 . 
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From Table 1 , Malaysia has the largest number of CDM projects followed by Indonesia and the Philippines. Brunei and Myanmar are the only two ASEAN countries without any CDM projects. Table 2 shows the estimated CERs for 2012 generated by the projects specified in Table 1 . Malaysia is expected to generate the highest amount of CERs in 2012 compared to other ASEAN countries. A significant amount of CERs are expected to be generated by biomass energy projects related to palm oil solid waste from the vast oil palm plantations throughout the country.
In Indonesia, almost 30 per cent of CERs come from methane avoidance projects. Most of these projects are related to waste water. Other projects are biomass energy and, similarly with Malaysia, many of these projects are related to palm oil solid waste from oil palm plantations in Sumatera and Kalimantan. Geothermal projects are estimated to account for approximately 16 per cent of total CERs and Indonesia has many geothermal resources throughout the country. The potential of geothermal is estimated at approximately 9,076 megawatts, located in 50 fields that could be developed as CDM projects in the future. To date, only two countries in ASEAN have geothermal projects as registered CDM projects, namely Indonesia and the Philippines. Only Indonesia has CDM projects related to solar power. PFCs and
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Thailand is estimated to generate approximately 9,776 kilotons of CO 2 e by 2012 from 37 CDM projects. Most of Thailand's CERs are generated by methane reduction projects that relate to waste water. Vietnam's CERs come from fugitive emission and hydropower projects. Although Vietnam only has one fugitive emission project, it is predicted to generate 37.8 per cent of total CERs of the country. The project is related to oil field flaring reduction. Meanwhile, the hydropower projects are related to the building of new dams and the utilization of rivers.
CERs from The Philippines are mostly from landfill gas projects. The other three countries, Cambodia, Singapore and Lao PDR are predicted to create only small amounts of CERs compared to other ASEAN countries. Cambodia will create its CERs mostly from biomass energy projects, as will Singapore. Lao PDR only has one registered project which is related to energy efficiency in the food industry.
CERs as a Subsidy for Energy Efficient Investments
There are currently 2,344 registered CDM projects around the world which are expected to generate 1.85 billion CERs by 2012. The total transaction value of the CERs is highly dependent on the carbon price created in emission markets. The price of CERs in the Europe Climate Exchange (ECX) fluctuates with the highest price so far in May 2010 at €14.55. On average, the price level in 2010 was €12.59. Given the same price level, the total value of CERs in 2012 is expected to be more than €23 billion. About 86.5 per cent of total CDM investments are located in the Asia-Pacific region with a total value of more than US$63 billion. (APERC, 2010) . To be considered as a small-scale hydro power plant for CDM project, the maximum output capacity should be equal to 15MW. The CERs generated by the project can be traded through global emission trading. Brunei can thus gain not only electrical output from the project, but also revenue from emission trading. Any risk of negative environmental impact from a small-scale hydro power plant development related to the proximity of Ulu Temburong National Park must be carefully evaluated.
The Potential of CDM Projects in Brunei

The Potential of Solar Photovoltaic
Another potential renewable energy resource in Brunei is solar energy. The Tenaga Suria Brunei (TSB), which is a cooperation project between Brunei and Mitsubishi Corporation, Japan is located at the Seria Power Station in the Belait district with capacity of 1.2 MW (APERC, 2010). The project is estimated to result in emission reductions of 940 tCO 2 e per year. Based on the TSB experience, this project will not only become a demonstration project for the utilization of solar energy in the future, but it could also be an important milestone for Brunei to enter the global carbon market. Data Source: Lidula, Mithulananthan, Ongsakul, Widjaya, & Henson, (2007) .
The TSB experience demonstrates that there are opportunities to develop small-scale solar PV power plants that can be combined with the existing fossil-fuel based power stations. Brunei has high potential for solar energy utilization since it has high values of solar radiation with a small range of variation. Table 4 shows that Brunei has the highest potential of solar radiation in the ASEAN region.
The Potential of the REDD+ Mechanism
Currently, the REDD+ mechanism is evolving towards its incorporation into the post-2012 climate regime after the first Kyoto Protocol commitment period ends (Sasaki & Putz, 2009; Adhikari, 2009 ). The current carbon market excludes the REDD+ mechanism and only allows trading of CERs from afforestation and reforestation under CDM projects (Corbera & Schroeder, 2011) . However, the REDD+ mechanism is expected to be in compliance with the future carbon market.
The REDD+ mechanism seems particularly important for Indonesia, since a large part of greenhouse gas emissions in Indonesia comes from forest degradation and land conversion. Several issues need consideration. First, the country should commit to the implementation of its national spatial plan and to the achievement of its national target for the forestry sector. Secondly, in relation to sustainable forest management, the activities of forest conservation should provide benefits to local societies. In order to implement the sustainable forest management concept, the Indonesian government, in cooperation with some international institutions, has recently been working on pilot projects of sustainable forest management in several locations in Indonesia. Thirdly, inconsistent policies across different sectors, such as forestry, agriculture and mining, and the decentralized governance system in Indonesia increase the possibility of disjointed and contradictory policies between central and district governments. Therefore, it is very important for Indonesia to re-assess all relevant policies related to forest management at national and district levels.
The REDD+ mechanism has three implementation phases (Meridian Institute, 2009 Phase 3 is a full-scale implementation of the REDD+ mechanism. Payments would be delivered to respective countries based on their performance in forest emission reduction and removal against the reference levels. The compensation mechanism should be supported by a compliance grade in measuring, reporting and verification (MRV) of emission reduction and removal from the forestry sector. At this phase, the participating countries could sell their carbon units from the REDD+ mechanism in international carbon markets.
As for the three phases of REDD+ implementation, Brunei has a relatively unique position. We refer to the four elements influencing each phase of the REDD+ mechanism as described by Angelsen, Brockhaus, Sills, Sunderlin and Wertz-Kanounnikoff (2009), namely crediting scale, performance indicators, funding and MRV system. Regarding the crediting scale of carbon, Brunei has an opportunity to be in Phase 3, in which the REDD+ mechanism is in full-scale implementation. This is because authorization to control and manage forest areas in this country is at the national level allowing a national level crediting scale.
On the other hand, two elements, i.e. crediting scale and MRV system, indicate that Brunei is still in the early phases of REDD+. Firstly, Brunei is currently working on a national greenhouse gas inventory project and cannot yet quantify the changes of forest carbon quantity nor the reference level, which are performance indicator elements in Phase 3. Secondly, Brunei is unable to generate a sophisticated MRV system due to a lack of measurement data. Brunei's advantage lies in its well-managed forest area and a strong commitment to preserve the forest. Therefore, Brunei could focus on developing the performance indicators and the MRV systems. When the post-2012 climate regime begins, Brunei would be well-prepared to gain benefits from the next climate regime.
CDM Projects and Investment Costs
This section discusses some registered Solar Photovoltaic (PV) power plants as CDM projects, which are potential CDM projects for Brunei. These projects are mainly located in South Korea, with one in the United Arab Emirates (UAE) and are mostly small-scale with capacities less than 15 MW.
Investment costs for a Solar PV power plant are much higher than for conventional types of power plant, such as coal-fired, natural gas-fired and even wind energy power plants. The average CDM Solar PV power plant required www.ccsen US$6,674/ US$2,775
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Feasibility of CER Sales in Brunei
Although Brunei's conservation record for forests is exemplary, it is somewhat more profligate in the energy sector. Electricity is subsidised by the generators paying a highly-subsidized price for natural gas to the producer, Brunei Shell Petroleum (BSP). Not only is the price of natural gas as fuel for electricity fixed, residential and commercial tariffs are also highly subsidized despite a recent change to an increasing block price from a declining block pricing scheme. Retail petrol prices in Brunei have been estimated to be approximately half the commercial price and have no sales or other taxes imposed (Lawrey & Pillarisetti, 2011) .
The impact of energy subsidies in Brunei can be seen in the way society consumes energy: per capita use of electricity is double the world average and 80 per cent of the 32 high-income countries (Lawrey & Pillarisetti, 2011) . Generating efficiency by the government generator is also relatively low.
Public transport is viewed as an inferior good in Brunei, used mainly by low income families who cannot afford to own a car. Car ownership is one of the highest in the world. Lawrey and Pillarisetti (2011) have argued that, while acknowledging the inefficiencies associated with energy subsidies, their removal does not have clear cut, unequivocal, theoretical support to improve economic welfare once other distortions are taken into account. In this regard, CDM projects designed to improve energy efficiency could result in a win-win situation in that the revenue from the sale of CERs could be used to partly offset the investment costs required and/or ease the transition for the consumer of a gradual removal of subsidies. Investment in CDM projects can be initiated by the two government agencies supplying electricity which can further ensure that the projects are aligned with national development plans.
Some Potential Barrier Issues Related to the Implementation of CDM Projects in Brunei
Though Brunei has a low volume of CDM opportunities at present (Table 6 ), low political risk gives it an advantage to be a host country for CDM projects (similar to Singapore). Countries with high potential for CDM initiatives in the ASEAN region are Thailand, Philippines, Malaysia, Indonesia and Vietnam. Indonesia and Vietnam have a disadvantage regarding political risk. Cambodia, Lao PDR and Myanmar are considered as countries with a low volume of CDM opportunities and high political risk. Technological issues may become a potential barrier for CDM project implementation. In some cases, the latest technology is not always available in the host countries of CDM projects which therefore require technology transfer from overseas. But technology transfer from developed country to developing country has consequences, such as Intellectual Property Rights (IPRs) issues (World Bank, 2008) . Brunei should promote intellectual property rights protection through the implementation of its IPRs law. Currently, Brunei is ranked third for intellectual property rights protection among ASEAN countries, after Singapore and Malaysia (Schwab, 2009 ). Brunei's small land area and population can only allow small-scale CDM projects. These will tend to generate a small number of CERs to be traded in carbon market and thus affect the feasibility of CDM project implementation www.ccsenet.org/jsd Journal of Sustainable Development Vol. 5, No. 11; 2012 in Brunei. In addition, Brunei is relatively new to the Kyoto Protocol and is still in the process of establishing infrastructures related to the Protocol (Officer of Ministry of Development, personal communication, May 2010).
To be a host for CDM projects, Brunei should establish a Designated National Authority (DNA). The DNA has responsibility to verify whether the proposed project will contribute to achieving the country's sustainable development goal. The DNA of a host country should have quick and transparent procedures for screening, evaluation and approving projects in order to attract CDM investments (Lee, 2004) . Since Brunei is in the process of developing its infrastructure (Lawrey, 2010) , any PDD of CDM projects cannot be verified at this moment.
Conclusions
The newly emerging carbon market is allowing several countries in ASEAN to benefit from reduction of carbon emissions, or increasing absorption of carbon, through the CDM and potentially, REDD+. Brunei at present is not participating the carbon trade, although it is a signatory to the Kyoto Protocol. This paper has identified the potential for the sale of CERs to offset at least some of the increased capital costs associated with renewable energy investments in ASEAN. For Brunei, implementation of energy efficiency and conservation measures seems to have more potential benefits than forest conservation. This highlights one of the ethical criticisms of the carbon market and the CDM, namely that it rewards a change in polluting and destructive behaviour but does not reward a history of good behaviour.
There are many challenges for Brunei to participate in emission trading. The country would have to create institutions and procedures in order to be able to implement CDM projects and create CERs. There certainly is potential for CDM opportunities in the energy sector and that current moves to increase energy efficiency and invest in renewable energy technologies could be undertaken in conjunction with the creation of CERs in anticipation of the post-2012 climate regime.
